We described the effect of nonmagnetic impurity on the superconductivity behavior of the NdFeAsO 0.8 F 0.2 iron-based superconductor. The resistivity measurement showed that the superconductivity suppressed upon increasing the low amounts of calcium impurity (x0.05).
Introduction
For the first time, the discovery of superconductivity in LaFeAsO 1-x F x compounds (with T C =26 K) by Y. Kamihara et al. [1] attracted the attention of physicists to the iron-based superconductors (FeSCs) as a new group of superconductors and introduced them as a candidate for another group of hightemperature superconductors. The FeSCs have similar characteristics to the cuprates such as the layered structure, the small coherence length, the dependence of the superconductivity transition temperature (T C ) upon the doping, and the unconventional pairing mechanism [2] [3] [4] [5] [6] . Also, they display the extraordinary physics due to the co-existence of the magnetism and superconductivity, and the multiband electronic structure [7, 8] . But the superconducting mechanism of these compounds is one of the controversial issues and there is still no explicit answer to this question. Most FeSCs have a common phase diagram that there is often a structural transition from tetragonal to orthorhombic and a magnetic spin-density wave (SDW) state with stripe antiferromagnetic (AF) spin configuration [9] [10] [11] [12] .
From this one can conclude that they play and important role in the superconducting mechanism of FeSCs. However, the cause of the structural transition is still under debate and has been proposed that either spin [13] [14] [15] or ferro-orbital nematic ordering [16] [17] [18] is responsible for the occurrence of it. In the spin-nematic scenario, the structural transition is driven by magnetic fluctuations and the lattice symmetry breaks from C 4 to C 2 through the magneticelastic coupling to lift the degeneracy of the stripe-type antiferromagnetism [19] [20] [21] [22] . In the orbital-nematic scenario, the ferro-orbital ordering causes the breaking of C 4 symmetry and the strong inter-orbital interactions lead to an unequal occupation of the d xy and d yz Fe orbitals [23] [24] [25] .
Moreover, up to now, two superconducting mechanisms have been reported for the FeSCs: spin-and orbital-fluctuations. Based on the spin-fluctuations theory, fully-gapped sign-reversing s-wave (S±) state had been predicted [26, 27] . The origin of the spin-fluctuations is the intra-orbital nesting and the Coulomb interaction. Furthermore, the orbital-fluctuations generally originate from the inter-orbital nesting and the electro-phonon interactions due to the Fe-ion optical phonons [28] [29] [30] . The theories introduced that the electron-phonon coupling improves the orbital fluctuations at wave vectors (0, 0) and (π, 0)/(0, π), which correspond to ferro-orbital and antiferro-orbital fluctuations, respectively [31, 32] .
Also, the antiferro-orbital fluctuations around (π, 0)/(0, π) competes with the antiferromagnetic spin-fluctuations around the same wave vectors [5] . When the spin-fluctuations overcome, the pairing state is S± as mentioned above, but when the orbital fluctuations dominate, the sign of the gap remains the same between the electron and hole pockets and is called the S++ state [33] [34] [35] .
The theoretical models [33, [36] [37] [38] described that the S± state is very fragile to the nonmagnetic impurities, and only 1% nonmagnetic impurity with moderate scattering potential could completely suppress superconductivity and the S± pairing state, while for the S++ symmetry the T C does not show the effective variation to the nonmagnetic impurities [33] . So, an appropriate probe to determine the type of symmetry and pairing in the FeSCs is the substitution of nonmagnetic impurity. Consequently, to discover the superconducting mechanism, several experimental works have been carried out for the investigation of the impurity effects on the suppression of superconductivity in the FeSCs [39] [40] [41] [42] [43] [44] . For example, the Zn ions which act as strong potential scattering centers in the LaFeAsO 1-x F x compound and suppress the superconductivity [45] .
However, the conclusions remain discussible and the more experimental and theoretical works are needed to illuminate the impurity effects in the FeSCs that can help us to understand the superconducting mechanism. In our previous work, we studied the effects of Ca 2+ /Nd 3+ substitution on polycrystalline Nd 1-x Ca x FeAsO 0.8 F 0.2 samples with 0x0.1 [46] . We compared our experimental data and the results of the mentioned theories i.e. the spin-and orbital-fluctuations in pairing mechanism. The consistency of our experimental results and the theoretical reports based on the spin-and the orbital-fluctuations theories shows that these models play an important role in the pairing mechanism of the ironbased superconductors. Given this background, in this work, we focus on the investigation of calcium doping effects as a nonmagnetic impurity in the superconductivity mechanism of Nd-1111 iron-based superconductor. We study the calcium doping effects on the structural transition and SDW state and the relation between them to clarify the superconducting mechanism. We show that calcium doping can affect the spin-and orbital-fluctuations and change the competition between them. We hope that our experimental results and the available corresponding theories will help to understand the pairing symmetry and superconductivity mechanism in the FeSCs.
Experimental
We used one-step solid state reaction method for synthesizing the polycrystalline samples with the nominal compositions of Nd 
rature in tates at Consequently and according to the mentioned theory, the S± symmetry and the spin-fluctuations are predominant against to the orbital-fluctuations in our samples. In the other work, J. Li et al. [58] described that the T C would be weakly suppressed by impurities in the S++ state, because of the following reasons: (1) Suppression of the orbital-fluctuations because of the violation of the orbital degeneracy near the impurities, (2) The strong localization effect, which the mean free path is comparable to the lattice spacing. Also, the ARPES evidence for S± symmetry, in contrast to the S++ state confirms the opinion that the superconducting and the SDW states can be suppressed by the same impurities [59] [60] [61] . This behavior has occurred in our samples. Since impurity has not an effect on the S++ state in the doped samples, and the S± state that is attributed to the spin-fluctuations mechanism causes the superconducting suppression for low amounts of the impurity, it can be concluded that the superconducting mechanism of our samples is the spin-fluctuations coupling. This result is in agreement with our previous work [46] .
Conclusions
To summarize, we have studied the superconducting behavior of the Nd-1111
iron-based superconductor that was doped by the calcium impurity. The samples were synthesized through the one-step solid state reaction method. We found that:
1. Superconductivity had been suppressed for the low amount of calcium impurity.
2. The T C decreased linearly with the increase of impurity and also T C reduced by increasing the residual resistivity. So, the calcium impurity acted as scattering centers and the Abrikosov-Gorkov theory was true for our samples. Accordingly, we estimated the exchange constant between calcium and conduction electron spins (Jexc=|8| meV).
3. In phase diagram of our synthesized samples, upon increasing the calcium impurity, the temperature of the spin-density wave (T SDW ) state declined, so at the lower temperatures, the Fe ions arranged stripe antiferromagnetically.
4. According to the previous results and the matching of our experimental-and the theoretical-phase diagram that can concluded from the available theoretical model, the role of the spin-fluctuations (the S± state) has been confirmed as a dominant pairing mechanism in our samples.
